The accuracy and reliability of measurement of coronary artery dimensions and detection of atherosclerotic lesions by high frequency epicardial echocardiography were compared with histopathological results. Ten pressure perfused human hearts were examined in vitro with a 10 MHz (Diasonics) transducer and a 7 5 MHz (Vingmed/Sonotron) transducer. There was close agreement between ultrasound and pathological measurements of coronary artery luminal diameter. Qualitative changes in wall structure such as diffuse wall thickening and calcification were readily identified; however, the resolution of the transducers was not high enough accurately to measure wall dimensions in normal coronary arteries. Coefficient of variation measurements for intra and inter observer variability (5-2% and 6-9% respectively) showed excellent reproducibility. The Patients and methods Human hearts were obtained at necropsy (eight hearts) or at orthotopic transplantation (two hearts). The coronary arterial tree was fixed with formalin at physiological pressure by the method described by Thomas and Davies.' This method fixes the epicardial coronary arteries in a distended state so that they have the same shape and size as in life.
High frequency epicardial echocardiography directly images the coronary artery lumen and wall. Intraoperative assessment of coronary artery anatomy by this technique may help to identify optimal sites for anastomoses by showing the coronary artery tree distal to the occluded segments. In addition, it may prove possible to identify stenotic lesions and perhaps even disease not detected at coronary angiography. To assess the accuracy and reliability of high frequency epicardial echocardiography we studied pressure perfused human hearts and compared the results with the histopathological examination.
Patients and methods Human hearts were obtained at necropsy (eight hearts) or at orthotopic transplantation (two hearts). The coronary arterial tree was fixed with formalin at physiological pressure by the method described by Thomas and Davies.' This method fixes the epicardial coronary arteries in a distended state so that they have the same shape and size as in life.
ULTRASOUND EQUIPMENT Five hearts were studied with a Diasonics CV 250 unit and 10 MHz small parts/vascular transducer. The 10 MHz transducer measures 15 cm long, 5 cm wide, and 2-5 cm deep approximately. It has a depth of field of 3-4 cm and the imaging crystal is 13 mm in diameter with a built-in fluid offset. The phantom point lateral and axial resolution of the transducer are 0-8 mm and 0 3 mm respectively. We then studied another five hearts with a Vingmed/ Sonotron CFM 750 unit and 7 5 MHz duplex transducer when it became available. This transducer has a contact surface of 4 cm x 1-5 cm approximately and is 11 cm long. It has a built-in standoff and the axial resolution of this transducer operating at a frequency of 62MHzis <05 mm. ULTRASOUND 
TECHNIQUE
The hearts were immersed in a water tank and any air bubbles present eliminated by compression of the arteries under water. Imaging was then performed by one operator who was unaware of the presence of coronary atherosclerosis. The handheld transducer was placed over the epicardial surface of the heart and moved along the course of the artery being imaged to obtain longitudinal and cross sectional images. Simultaneous videotape recording was performed for analysis later. Ultrasound measurements were made on freeze frame images by internal electronic calipers. observer two weeks later. Another observer analysed the same 30 images independently.
STATISTICAL ANALYSIS
Agreement between ultrasound and pathological measurements of vessels was expressed as the mean plus or minus two standard deviations of the differences between the two methods. Intra and inter observer variability were assessed by the coefficient of variation.
Results

VISUALISATION OF CORONARY ARTERIES
Thirty six coronary arteries were studied in 10 hearts (14 with the 10 MHz and 22 with the 7.5 MHz transducer). The luminal diameter ranged from 0 7 mm to 5 0 mm.
The right coronary artery was successfully imaged in eight hearts (figs 1 and 2). The right coronary artery was not imaged in two hearts: in one because perfusion fixation had resulted in collapse of the artery and in the other because of occlusion along the length of the artery which was confirmed at dissection.
The left anterior descending artery was visualised from the bifurcation of the left main coronary artery to the cardiac apex in eight hearts. The major diagonal branches and septal branches of the left anterior descending artery were also imaged (figs 3, 4, and 5). The left anterior descending coronary artery was noted to be occluded in the mid-segment in two hearts and this was confirmed at dissection. It was possible to image by ultrasound the artery distal to the occluded segment in both these hearts (figs 3E and 5E). In one of these cases the artery distal to the occlusion was a bridged intramyocardial vessel and this was easily located with ultrasound ( fig 3E) . The circumflex artery was imaged with the 7 5 MHz transducer in four hearts. This artery was not imaged in one heart because of occlusion along its length; this was confirmed at dissection. MEASUREMENT RELIABILITY AND REPRODUCIBILITY
The coefficients of variation for intra and inter observer measurements (5-2% and 6-9% respectively) showed the reproducibility of the technique was acceptable.
COMPARISON OF ULTRASOUND AND HISTOPATHOLOGICAL MEASUREMENTS
We performed 59 measurements of coronary artery luminal diameter (0 7-5 0 mm) (33 with the 10 MHz transducer and 26 with the 7-5 MHz transducer). There was close agreement between measurements of coronary artery luminal diameter determined by high frequency epicardial echocardiography and measurements made when the corresponding segments of arteries were dissected. The standard deviation of differences between pathological and ultrasonic measurements of luminal diameter was 0 12 mm with a mean difference of -0 01 mm. There was therefore a less than 5% chance of either underestimating the pathological dimension by 0-25 mm or of overestimating it by 0 22 mm by the use of echocardiography. High frequency epicardial echocardiography readily identified qualitative changes in wall structure such as diffuse wall thickening and calcification ( fig 3D) . In normal coronary arteries, however, it was not possible to measure the arterial wall because it was below the resolution of both transducers. We did note a line adjacent to the lumen which though it was too thick to be the endothelium may be the normal arterial wall (figs 2A and 4D). MHz transducer in assessing coronary artery luminal and wall measurements in vivo and also in vitro using five human postmortem hearts. However, the ultrasound measurements were performed on the pressure perfused hearts before formalin fixation and compared with histological measurements on formalin and paraffin processed sections. The histological measurements are therefore subject to fixation artefacts. Arterial shrinkage occurs and this technique has been shown to alter measurements by up to 10%.12 We performed ultrasound measurements on the formalin fixed, pressure perfused heart and subsequently made pathological measurements at dissection. In this way we avoided potential errors in comparing ultrasound measurements of luminal diameter with measurements on histological sections with possible fixation and shrinkage artefacts.
We found the technique to be accurate and reliable for measuring coronary artery luminal diameter. Though the resolution of the transducers was not sufficient accurately to identify the interface between the arterial wall and adjacent epicardium in thin normal arterial walls, qualitative changes in wall structure and calcified and fibrotic plaques were readily identified (figs 1, 3A, 5A, and 5B). Visualisation of a coronary artery distal to an occlusion, which may be difficult to assess with angiography, was also possible with high frequency epicardial echocardiography (figs 3E, and 5F). This is likely to be useful in identifying a suitable site for graft insertion. When an artery was not located by ultrasound pathological examination confirmed that the artery was occluded along its entire length. This may be useful during operation because it may prevent the unnecessary delay of 
